Synaptic regeneration and functional recovery after excitotoxic injury in the guinea pig cochlea.
Cochlear ischemia and acoustic trauma result in an immediate hearing loss accompanied by the complete disruption of the terminal dendrites of primary auditory neurons postsynaptic to the sensory inner hair cells (IHCs). This synaptic uncoupling, due to an acute glutamate (IHC neurotransmitter) excitotoxicity process, can be mimicked by glutamate agonists. Thus, we have followed over a 5-day period the responses of guinea-pig cochleas to a local application of 200 microM AMPA. This application immediately results in a destruction of all postsynaptic endings of the auditory nerve, resulting in a total loss of cochlear potentials. Twenty-four hours after this excitotoxic injury, the inner hair cells were contacted by repaired postsynaptic dendrites and the cochlear potential had partially recovered. This process of neo-synaptogenesis was completed and the potentials were fully restored at 5 days post exposure. As shown by in situ hybridization, an up-regulation of NMDA and metabotropic glutamate receptors in the primary auditory neurons occurred during this process of recovery. This process of neo-synaptogenesis and functional recovery probably accounts for restoring hearing after temporary losses due to excitotoxic-related pathologies.